Table 3-1. Summary of Study Design and Outcomes Evaluated in Whole Animal Studies (23 feeding and 3
infusion studies) *

Control Outcomes Evaluated

Author, Year Omega-3 Arm(s) . Animals
Arm VF VT VPB AS Deaths IS TSR VFT
Feeding studies:
Omega-3 PUFAs vs Omega-6 PUFAs
Abeywardena, 1995 Soybean, SSO Rats vV Vv Y v v
’ MaxEPA&
Anderson, 1996 MaxEPA& Safflower Rats vV Vv Y v
Charnock, 1992 Fish oil SSO Monkeys v \%
Charnock, 1991 Fish oil SSO Rats vV Vv \% Y,
Hock, 1990 Menhaden Corn Rats Y \Y; Y,
Hock, 1987 Menhaden Corn Rats Y Y,
Isensee, 1994 Linseed, Fish ol Corn Rats vV Vv % \
McLennan, 1995 Canola, Soybean SSO Rats vV Vv Y v s
McLennan, 1992 Tuna SSO Monkeys v \
McLennan, 1993 Fish oil SSO Rats vV Vv v v v v
McLennan, 1990 Tuna SSO Rats vV VvV Vv \% \% Vv
McLennan, 1988 Tuna SSO Rats vV VvV \% \% Vv
McLennan, Bridle, . .
1993 . cehol S M Y i
Omega-3 PUFAs vs MUFAs
EPA-e, DHAe, .
| Moleman 1996 EpaerpHae  OMC  Ras v Y
Omega-3 PUFAs vs SFAs
al Makdessi, 1995 Sardine Coconut Rats v v
Chen, 1994 Fish oil Coconut Rabbits V; v
Hartog, 1987 Mackerel Lard Pigets v
Pepe, 1996 Fish oil Sheep fat Rats vV Vv V; v
Yang, 1993 Fish oil Butter Rats vV Vv
""""""" Omega-3 PUFAs vs Chows T TTTTTTTTTmTTTTTTmTmTmTTTT
Culp, 1980 Menhaden Friskies Dinner Dogs Y v Y
Kinoshita, 1994 EPA-e Orlen::a(I)Yeast Dogs vV Vv \% Y,
Oskarsson, 1993 MaxEPAA Chows Dogs v
Otsuji, 1993 EPA-e Orlen?cl) Yeast Dogs v \Y \Y
Total = 17 12 12 10 11 6 5 4

Infusion studies:

Omega-3 PUFAs vs Omega-6 PUFAs
Albumin-bound Soybean or

Billman, 1999 ALA, EPA, DHA  saline Dogs v
Billman, 1994 Fish oil emulsion Soybean Dogs \Y;
""""""" Omega-3 PUFAs vs Chows oo Toommnmmr e
Lo, 1991 ALA Buffer Dogs v V;
Total = 2 1 1

SSO = sunflower seed ail; VF=ventricular fibrillation; VT=ventricular tachycardia; VPB=ventricular premature beats;
AS=arrhythmia score; | S=infarct size; VFT=ventricular fibrillation threshold, measured only in VF inducible animals; TSR
=length of timein normal sinus rhythm; EPA-e = EPA esters; DHA -e = DHA esters

* For the purposes of our evidence review, only optimal comparison group was chosen. See Chapter 2: Methods.
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Table 3-2. Summary Of Study Design And Outcomes Evaluated In Whole Animal/lsolated Organ

And Cell Studies

Omega-3 Ctrl Omega-3 |Omega-3 [ICU |ICH |IPIM |BEP |CP
Author Species
Croset, 1989a Mouse M STD+DHA-DOSE |STD v
Croset, 1989b Mouse M ALAe OO+SAF |[EPAe DHAe
Benediktsdottir, 1988  [Rat M CLO Cco
Demaison, 1993 Rat M LIN SF Vv
Karmazyn, 1987 Rat M STD+CLO STD v v
Laustiola, 1986 Rat M STD+CLO STD v
Leifert, 2000 Rat M FO LARD v v
Minarovic, 1997 Rat M FO HF v v
Taffet, 1993 Rat F CO+MenO Cco v
Maixent, 1999 Rat M STD+FO STD v
Chen, 1994 Rabbit M HC+FO HC v
Heard, 1992 Rat M SAF+MenO SAF v
Gudmundsdottir, 1991 |Rat M CLO Cco v
Reig, 1993 Rat M HF+FO HF v v
Ku, 1997 Rat 0] F HC+EPA HC HC+DHA v
Honen, 2002 Rat A M FO RO v
Leifert, 2001 Rat A M FO SF % v
Pepe, 1999 Rat A0 M FO N-6 v
Swanson, 1989 Mouse |W M SAF+MenO SAF+CO v
Gillis, 1992 Rabbit |W N FO SAF v
Kinoshita, 1994 Dog A N STD+EPAe STF v

3 1 12 3 7

ICU=ion currents; |CH=ion channels; IPIM=ion pumps and ion channels, BEP=basal electromechanical parameters;
CP=contractile parameters.

A=Adult

ALAe= Esterified alphalinoleic acid

CLO=cod liver oil
CO=corn ail

EPAe= Esterified el cosapentagnoic acid

FO=fish ail

HC=high cholesterol

HF=high fat

LIN=linseed ail
MenO= menhaden oil
N-6=nOmega-6 fatty acid

O=old

OO=alive ail
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RO= rapeseed or canola ail
SAF=safflower oil
SF=saturated fat
STD=standard chow

W= weanling

Y A=Y oung adult




Table 3-3. Summary of Study Design and Outcomes Evaluated in Isolated
Organ and Cell Studies

Author Species Stage* | ICU ICH IPIM BEP | CP
Bogdanov, Rat Adult \ v
1998
Courtois, Rat W Y,
1992
De Jonge, Rat W v
1996
Hallaq, 1990 Rat W v v
Hallaq, 1992 Rat W \% Y, Y
Honore, 1994 | Mouse W \ \%
Jahangiri, Rat Adult v
2000
Kang, 1994 Rat W \%
Juan, 1987 Guinea pig Adult v
Xiao, 2002 Ferret Adult v
Kang, 1996 Rat W v v
Leifert, 1999 Rat Adult v
Leifert, 2000 Rat Adult Y,
Rodrigo, 1999 | Rat, guinea ND v v

pig
MacLeod, Rat, guinea Adult v Y
1998 pig
O’Neill, 2002 Rat Not % Y,

sure

Durot, 1997 Rat W Y \
Grynberg, Rat W v v
1988
Kang, 1995a Rat W \%
Kang, 1997 Rat W Y
Li, 1997 Rat W v
Negretti, 2000 | Rat ND v v v
Pepe, 1994 Rat 2-3mo | v \% \
Phillipson, Dog ND v
1985
Phillipson, Dog ND v
1987
Grynberg, Rat W v v
1996
Kang, 1995b [ Rat W v
Fournier, Rat W Y, Y,
1995
Grynberg, Rat W %
1995
Ferrier, 2002 | Guinea pig Adult \ v
Reithman, Rats W \% \Y
1996
Ponsard, Rats w v
1999
Xiao, 1997 Rats Adult ' v
Xiao, 1995 Rats W %
Goel, 2002 Pig Adult Vv
Vitelli, 2002 Rats Adult v
Weylandt,199 | Rats W v
6
Rinaldi, 2002 | Rats Adult Y, Y,
Bayer, 1979 Cat Adult Y
Total 12 3 12 10 23

ICU=ion currents; ICH=ion channels; IPIM=ion pumps and ion channel movement ;
BEP=basal electromechanical parameters, CP=contractile parameters.
*Stage: ND=no data; W = weanling
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Table 3-4. Total Deaths in Ischemia-Reperfusion-Induced Arrhythmia: Comparison of Rats Fed Omega-3 Fatty
Acids With Controls Fed Omega-6 PUFA Oils

Omega-3  Dosage, . Omega-3 Fatty Acids Control RR .
Author, Year Duration Experiment Protocols
Arms 0/100 g Event Total Event  Total | (95% Cl) P
ALA Oils
Abeywardena, 2.0  5minischemia;
1995 Soybean 04 9 months 2 18 ! 18 (1.5-20)  10-min reperfusion
McLennan, 1995 Soybean 1.1 5 weeks 3 10 2 10 0 312'?7 1) i?e'?ﬂ'fs?:ﬁm'a’
1.3

(0.25-6.8)
McLennan, 1995 Soybean 1.1 5 weeks 2" 13 2f 14 0.20 rleS-r:rlfrl\JSlis(;::emla;

(0.01-3.7) P

1.3

(0.25-6.8)
McLennan, 1995  Canola 12 5weeks 0 10 2 10 020 feme'?ffsfgﬁm'a

(001-3.7) P
McLennan, 1995 Canola 12 Sweeks | 3% 16 21 4 118'_16 ) rlspg'r'f’;:g:em'a

Meta-analysis: Total subjects = 133 10 67 9 66 0 51122 6) Random-effect model
Fish Oils (EPA+DHA)
Hock, 1987 Menhaden 1.0  4weeks | 2% 13 23 LR 118'16 . ﬂ;’:}'ﬂtigggﬁgﬁg"a
Hock, 1990 Menhaden 1.0 4 weeks 5 21 13 2 0 13‘1)093) ;i-rt?lrg;z?uiriglr?;
McLennan, 1993 Fish oi 26 12weeks! 0 10 o2 g 8232 2 gm ';‘;heermon
McLennan, 1993 Fish oil 2.6 12 weeks 0 14 1+ 13 0 813% 0) ésmr?r:nrelzsp(;hr?ﬂ:ﬁn
IAbeywardena, N 0.33  5minischemig;
1995 MaxEPAA 33 9 months 0 18 ! 18 (0.01-7.7) 10-min reperfusion
McLennan, 1988 Tuna 37 12 months 0 10 0 10 0 ()12?46) rlsprgr'fr:j:gr? emia,
McLennan, 1990 Tuna 37  18months| O 7 0 7 o 012'(_)45) rleg’pg'r'fﬁs'fg:em'a
Meta-analysis: Total subjects = 169 7 83 18 86 0 2%‘_40793) Random-effect model

RR =risk ratio = (omega-3 FA event rate)/(control’s event rate)

* All deaths occurred during ischemia procedure

T One death occurred during ischemia procedure

* Deaths were observed 15-min after ischemia procedure without reperfusion
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Figure 3-1. Total deaths in ischemia-reperfusion-induced arrhythmia: comparison of rats fed, alpha linolenic
acid (ALA) with controls fed omega-6 PUFA oils

Random Effects Model (DerSinmonian & Laird)
Risk Ratio 95%  CI
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Figure 3-2. Total deaths in ischemia-reperfusion-induced arrhythmia: comparison of rats fed fish oils with
controls fed omega-6 PUFA oils

Random Effects Model (DerSimonian & Laird)
Risk Ratio 95%  CI
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Table 3-5. Sensitivity Analysis on Total Deaths In Ischemia-Reperfusionlinduced Arrhythmia: Comparison of
Rats Fed Fish Oil With Controls Fed Omega-6 PUFA Oils

Sensitivity Analysis - Sequential Dropping of One Study
Random Effects Model - Risk Ratio (D&L method)

Study Total Risk 95% Cl
Study Dropped Year Size N Ratio Low High 2P
Hock 1987 27 142 041 0.19 0.86 0.018
Hock 1990 43 126 0.64 0.19 214 047
McLennan 1993 22 147 0.47 0.23 0.96 0.038
McLennan 1993 271 142 0.48 0.24 0.97 0.041
Abeywardena 1995 36 133 0.48 0.23 0.97 0.040
McLennan 1990 14 155 0.46 0.23 0.92 0.028

Table 3-6. Total VF Deaths: Comparison of Monkeys Fed Tuna Fish Oil With Controls Fed Sunflower Seed QOil
(Omega-6 PUFA) *

Author, Year

Experiment Protocols

McLennan, 1992

Omega-3 Dosage, . Omega-3 Fatty Acids Control
Duration
Arms g/100 g Event Total Event  Total
Tuna 2.8 30 months 0 16 3 13

Control condition, ischemia, and
isoproterenol (0.5 ug/kg body
weight/minute) models

* Total ventricular fibrillation (VF) deaths were combined in control condition, ischemia, and isoproterenol models.
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Table 3-7. Ventricular Tachycardia in Ischemia-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty
Acids With Controls Fed Omega-6 PUFA Oils

Omega-3  Dosage, . Omega-3 Fatty Acids Control RR .
Author, Year Duration Experiment Protocols
Arms g/100 g Event Total Event  Total | (95% CI) P
ALA Qils

IAbeywardena, 1.1 S .
1005 Soybean 0.4 9 months 8 18 7 18 (053-2.5) 5-min ischemia
McLennan, 1995 Soybean 11 12 weeks 8 13 13 14 0 4(1)26? 0) 15-min ischemia
McLennan, 1995 Canola 1.2 12 weeks 12 16 13 14 © %gll 1) 15-min ischemia

. 14 - .
Isensee, 1994 Linseed 5.2 10 weeks 6 10 4 9 (056-3.3) 20-min ischemia

Meta-analysis: Total subjects = 112 34 57 37 55 0 gSSi 0) Random-effect model
Fish Oils (EPA+DHA)

. 0. 71 . ;
Charnock, 1991 Fish all 2.1 12 months 7 10 10 10 (041-1.1) 15-min ischemia

ioh i 0.39 o .
McLennan, 1993 Fish oil 2.6 12 weeks 5 14 12 13 (0.19-0.79) 15-min ischemia

ioh o 0.10 o .
Isensee, 1994 Fish oil 3.0 10 weeks 0 10 4 9 (0.01-1.7) 20-min ischemia
IAbeywardena, 0.14 ST .
1995 MaxEPA 3.3 9 months 1 18 7 18 (0.02-1.1) 5-min ischemia

0.25 . .
McLennan, 1988 Tuna 3.7 12 months 2 10 8 10 (0.07-0.90) 15-min ischemia
1.0 o .
McLennan, 1990 Tuna 3.7 18 months 4 7 4 7 (0.40-2.5) 15-min ischemia
- . _ 0.49
Meta-analysis: Total subjects = 136 19 69 45 67 (0.29-0.83) Random-effect model
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Figure 3-3. Ventricular tachycardia in ischemia-induced arrhythmias: comparison of rats fed alpha linolenic
acid (ALA) with controls fed omega-6 PUFA oils

Random Effects Model (DerSimonian & Laird)
Risk Ratio 95% I
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Figure 3-4. Ventricular tachycardia in ischemia-induced arrhythmias: comparison of rats fed fish oils with
controls fed omega-6 PUFA oils

Random Effects Model (DerSinmonian & Laird)
Risk Ratio 95% I
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Table 3-8. Ventricular Tachycardia in Reperfusion-Induced Arrhythmias: Comparison of Rats Fed Omega-3
Fatty Acids With Controls Fed Omega-6 PUFA Oils

Author, year Omega-3  Dosage, Duration Omega-3 Fatty Acids Control RR Experiment Protocols
Arms 0/100 g Event Total Event  Total i (95% Cl)
ALA oils
i\gge%""’arde”a' Soybean 04  9months | 13 17 7 B 1.3'2.7) iomr;]r:n'sézgg'fism
McLennan, 1995 Soybean 1.1 12 weeks 9 10 7 10 (0.812.?2.0) i)r?niwninlségzgifi;sion
McLennan, 1995  Soybean 1.1 12weeks! 7 1 9 13 (o.gé?i. ) igm Eﬁgi?ﬂas}on
McLennan, 1995  Canola 12  12weeks! 7 10 7 10 (0.516'?1.8) iomn'::r:ségsgﬁsmn
McLennan, 1995 Canola 12 12weeks! 4 13 9 13 (o.féﬁ.l) igm 'ngggrr?i;ion
Meta-analysis: Total subjects = 125 40 61 39 64 (0.713.-11.6) Random-effect model
Fish Oils (EPA+DHA)
Anderson, 1996 MaxePA R OTT gueeks | 3¢ 8 3" 6 (O.SéY-g. . fg;;‘r'fzs'fgr?em'a?
McLennan, 1993 Fish oil 2.6 12 weeks 6 10 10 12 (0.2'17_53) gm:g Eggeegﬂgi;on
McLennan, 1993 Fish il 26 12weeks| 3 i 8 12 (o.figﬁ.O) é‘r’m’?r:”réspcehr?lﬂ:in
o MaEPA 33 omoms | BT B | o016 tominreperon
McLennan, 1988 Tuna 3.7 12 months 5 10 8 10 (0.21?.3) rl;—)r:rifr;siisgr:lemia;
McLennan, 1990 Tuna 37  18months| 5 7 6 7 (0.2;35) igzm :Zg:f“l]'sf’l‘on
Meta-analysis: Total subjects = 132 26 67 42 65 (0.5%_%8.91) Random-effect model

TT FAs=total fatty acids; RR =risk ratio; VF = ventricular fibrillation; VT = ventricular tachycardia
" Sustained VT and/or VF were excluded from the analyses
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Figure 3-5. Ventricular tachycardia in reperfusion-induced arrhythmias: comparison of rats fed alpha
linolenic acid (ALA) with controls fed omega-6 PUFA oils

Random Effects Model (DerSinmonian & Laird)
Risk Ratio 95%  CI
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Figure 3-6. Ventricular tachycardia in reperfusion-induced arrhythmias: comparison of rats fed fish oils with
controls fed omega-6 PUFA oils

Random Effects Model (DerSimonian & Laird)
Rizk Ratio 95%  Cl
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Table 3-9. Ventricular Fibrillation in Ischemia-Induced Arrhythmias: Comparison of Rats Fed Omega-3 Fatty

Acids With Controls Fed Omega-6 PUFA Oils

Omega-3  Dosage, . Omega-3 Fatty Acids Control RR .
Author, Year Duration Experiment Protocols
Arms g/100 g Event Total Event  Total | (95% Cl) P
ALA oils
McLennan, 1995 Soybean 1.1 12 weeks 5 13 6 14 0 ??692 2 15-min ischemia
McLennan, 1995 Canola 1.2 12 weeks 7 16 6 14 0 4202 3) 15-min ischemia
Isensee, 1994 Linseed 5.2 10 weeks 4 10 4 9 0 5192 6) 20-min ischemia
Meta-analysis: Total subjects =76 16 39 16 37 0 gegi 6) Random-effect model
Fish Qils (EPA+DHA)
Charnock, 1991 Fish oil 2.1 12 months 0 10 6 10 0 ?)0018 2) 15-min ischemia
‘oh (i 0.08 o .
McLennan, 1993 Fish oil 2.6 12 weeks 0 14 5 13 (0.01-1.4) 15-min ischemia
‘oh i 0.22 o .
Isensee, 1994 Fish oil 3.0 10 weeks 1 10 4 9 (0.03-1.7) 20-min ischemia
0.33 o .
* -
McLennan, 1988 Tuna 3.7 12 months 0 10 1 10 (0.02-7.3) 15-min ischemia
0.50 o .
McLennan, 1990 Tuna 3.7 18 months 1 7 2 7 (0.06-4.3) 15-min ischemia
Meta-analysis: Total subjects = 100 2 51 18 49 © 03-20163) Random-effect model

* Estimated from graph
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Figure 3-7. Ventricular fibrillation in ischemia-induced arrhythmias: comparison of rats fed alpha linolenic
acid (ALA) with controls fed omega-6 PUFA oils

Random Effects Maodel (DerSimonian & Laird)
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Figure 3-8. Ventricular fibrillation in ischemia-induced arrhythmias
controls fed omega-6 PUFA oils

STUDY

Charnock
Wclennan
Eerses
Wclennan

Md ennan

CWVERALL

YEAR

1991

19493
1994
1990
19488

Favors Control

: comparison of rats fed fish oils with

Random Effects Maodel (DerSimonian & Laird)

Risk Ratio 95% I
0.0 ooz ooeE 0 02 0L i 2 & i} pai} E0 1o
N : 1 1 : 1111 : 1 1 : 1111 : 1 1 : 1111 : 1 1 : 1111
: L : : ! ! ! :
2 : n—® : : : : : :
o 1 1 ! ! 1 1 1 1
L T : ! i i i
19 : ! {m ! i i i i
: : : : : : : :
14 1 1 T * T 1 1 1
1 1 1 1 1 1 1 1
1 1 ! ! 1 ! 1 1
?D 1 1 1 n 1 1 1 : :
: : : : : : : :
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1m : N S : Doz=piB | 2P=0.005
: ! ! ! ! ! ! !

Favors Fish Qils

96

Favors Control



Table 3-10. Ventricular Fibrillation in Reperfusion-Induced Arrhythmias: Comparison of Rats Fed Omega-3
Fatty Acids With Controls Fed Omega-6 PUFA Oils

Omega-3  Dosage, . Omega-3 Fatty Acids Control RR .
Author, Year Duration Experiment Protocols
Arms g/100 g Event Total Event  Total | (95% Cl) P
ALA Qils
IAbeywardena, 2.1 5-min ischemia; 10-min
1005 Soybean 0.4 9 months 4 17 2 18 (044-10) reperfusion
1.0 5-min Ischemia;
McLennan, 1995 Soybean 1.1 12 weeks 5 10 5 10 (0.42-2.4) Reperfusion
1.2 15-min ischemia;
McLennan, 1995 Soybean 1.1 12 weeks 3 11 3 13 (0.30-4.7) reperfusion
0.20 5-min ischemia;
McLennan, 1995 Canola 1.2 12 weeks 1 10 5 10 (0.03-1.4) reperfusion
McLennan, 1095  Canola 1.2 12weeks 0 13 3 13 014 -~ 1min ischemia;
(0.01-2.5) reper_fuglon _ _
Isensee, 1994 Linseed 5.2 10 weeks 6 10 7 9 0.77 ~20min |§chemla, 20-min
(0.42-1.4) reperfusion
Meta-analysis: Total subjects = 144 19 71 25 73 0 gz&ll 3) Random-effect model
Fish Qils (EPA+DHA)
. A1%0of TT . . 0.38  20-min ischemia;
Anderson, 1996  MaxEPA& FAS 8 weeks 1 8 2 6 (004-3.2) reperfusion
0.16 15-min ischemia;
t t d
Hock, 1990 Menhaden 1.2 4 weeks 1 7 9 10 (0.03-0.99) 6-hr reperfusion
L 040  5-min ischemia;
McLennan, 1993 Fish oil 2.6 12 weeks 1 10 3 12 (0.05-3.3) 5-min reperfusion
L 0.29 15-min ischemia;
McLennan, 1993 Fish oil 2.6 12 weeks 0 14 1 12 (0.01-6.5) 5-min reperfusion
L 051  20-min ischemia;
Isensee, 1994 Fish oil 3.0 10 weeks 4 10 7 9 (0.22-1.2) 20-min reperfusion
IAbeywardena, « 050  5-minischemig;
1995 MaxEPAA 33 9 months ! 18 2 18 (0.05-5.0) 10-min reperfusion
0.14  15-min ischemia;
McLennan, 1988 Tuna 3.7 12 months 0 10 3 10 (0.01-2.5) reperfusion
1.0 15-min ischemia;
McLennan, 1990 Tuna 3.7 18 months 2 7 2 7 (0.19-5.2) reperfusion
. . _ 0.44 i
Meta-analysis: Total subjects = 168 10 84 29 84 (0.25-0.79) Random-effect model

TTFA= total fatty acids; VT = ventricular tachycardia; VF = ventricular fibrillation
Sustained VT and/or VF were excluded from the analyses

VT or VF (%)
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Figure 3-9. Ventricular fibrillation in reperfusion-induced arrhythmias: comparison of rats fed alpha linolenic
acid (ALA) with controls fed omega-6 PUFA oils

Random Effects Model (DerSimonian & Laird)
Risk Ratio 95% I
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Figure 3-10. Ventricular fibrillation in reperfusion-induced arrhythmias: comparison of rats fed fish oils with
controls fed omega-6 PUFA oils

Random Effects Model (DerSinmonian & Laird)
Risk Ratio 95%  CI

oot oo oe 01 02 s z 5 i m B0 10C
El-“_:[:'-'ll WAR 1 1 1 11 111 1 1 1 11 111 1 1 1 11 111 1 1 1 11 111
— e [RN——— 1 1 1 1 1 1 ] 1

: : : : | | | :
Anderson 1996 14 1 T T T T 1 1 1

: : ! ! : ! ! !
Hock 1990 17 i i - i : i i i
Mclennan 1993 sl ; ! —a— 1 1 J g

| | | | : : : |
Kl ennan 1993 22 1 T T B T 1 1 1

: : ! : ! ! ! :
kemses 1994 19 ! ! i H : ]
fheywardena 1995 38 | ; ; #* ! ! i d

1 1 1 1 1 1 1 1
Mclennan 1990 14 i i ! ! : r i :

! : ! ! ! ! ! :
Kd.ennan 1988 2 ; ; - : 4 H ! !

i i i i i i i i

1 1 1 1 1 1 ] 1

| | | i | 1. 1 opon s
OWVERALL 168 : : | — : T .16 :ﬁP-U-U-:v?

Favars Fish Cils Favors Control

98



Table 3-11. Ventricular Fibrillation in Induced Arrhythmia: Comparison of Monkeys Fed Fish Oils With
Controls Fed Sunflower Seed Oil (Omega-6 PUFA)

Author, Year Omega-3  Dosage, Duration Omega-3 Fatty Acids Control VFT T Experiment Protocols
Arms g/100 g Event Total Event  Total
Electrical-Stimulation Arrhythmias *
McLennan, Bridle, Fish oil 18 16 weeks 6 10 5 9 +133% * Electrical stim_ulation in
1993 control condition
Chamock, 1992 Fish ol 24 16weeks ! b ND 13%  ND | Ns | Electical stimulationin
contrql conqmon o
McLennan, 1992  Tuna 28 0months| 10 16 8 13 nNg | Electrical stimulation in
control condition
Electrical-Stimulation Arrhythmias in Ischemic Hearts *
McLennan, Bridle, Fish o 18 16 weeks 10 10 9 9 +79% * EI_ectncaI st_lmulanon +5
1993 min ischemia
Chamock, 1992 Fish il 24 16weeks|  Ni ND 13%  ND | Ns | Clectical simulation +
ischemia
McLennan, 1992 Tuna 28 months| 12 16 8 13 | Ns | Electrical stimulation +5
min ischemia
Electrical-Stimulation Arrhythmias With Isoproterenol
} Electrical stimulation + 30-
McLennan, Bridle, .., 18 16 weeks 3 10+ 7 9% 1 +455%* i minisoproterenol (0.5
1993 :
ug/kg BW/min)
: Electrical stimulation + 30-
McLennan, Bridle, kb o1 18 l6weeks| 5 10+ 9 9% | 4% | minisoproterenol (2.0
1993 :
ug/kg BW/min)
Electrical stimulation +
McLennan, 1992 Tuna 2.8 30 months 7 16 10 13 NS 30-min lisoproterenol (0.5
ug/kg BW/min)
ND = no data; BW = body weight; min = minute; VFT = ventricular fibrillation threshold, measured only in VF inducible

animals; NS = no signifi cant difference compared to controls

* P<0.05 compared to control animals

T Same monkeys underwent electrical stimulation in control condition, 5 minutes after ischemia. procedure, and 30 minutes after
restoration of coronary blood flow during the infusion of isoproterenol.
* Same monkeysinjected 0.5 ug/kg BW/min isoproterenol, then the dosage of isoproterenol was increased to 2.0 ug/kg BW/min.
TAnincreasein VFT isadesirable outcome for antiarrhythimic effects. See Chapter 2: Methods for the effects expressed as

percent change.
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Table 3-12. Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score and Length of Time in
Normal Sinus Rhythm: Comparison of Rats Fed Omega-3 Fatty Acids With Controls Fed Omega-6 PUFA Oils

Author, Omega3  Dosage, .. = Total | Arrhythmia Outcomes * . Experimental
Year Arms g/100 g N | VPB AS 2 IS TSR 3 ' Protocols
ALA Oils
Abeywarden Soybean 0.4 9 months 36 ! +176% +107%* - - ! 5-_m|n 'SChe".“a; 10
La199% ... 4 . L Min reperfusion _ __ _ |
! - 5 ) - Log e -
McLennan, Canola 1 Sweeks 30 L. W™ M- , Jominischemia |
1995 R B4% : : ' 10-min reperfusion
McLennan, Canola 11 Sweeks 20 1 1%  —41%* . _ | Sinischemia;
L1995 . il  10-min reperfusion _ _ |
fgegjee* Linseed 52 10weeks 20 ' - . NS NS ! 20-min ischemia
______________________________________ e
McLennan, ! -14% -18% - - 1 15-min ischemia
1995 Soybean 12 Sweeks 27 . A%pT T i 27 40 Teperfusion.
[ Mclennan, ~ o T T T T T o T e oo " 5'minischemia; |
y 1 +349 + - - 1 !
1995 Soybean 12 5 weeks 20 ! 3% 30% ! 10-min reperfusion
Fish Qils (EPA+DHA)
Anderson, 41% of TT X 0 0 | 20-min ischemia;
1996 MaxEPA FAs 8 weeks 14 : -31% -54% - - ! reperfusion
Hock, 1990 Menhaden 1.0 4 weeks 17 - T1% * - - | 15-min |sche_m|a,
' 1 6-hr reperfusion
Hock 1987 Menhaden 10 Aweeks 23 ' NC : ' .1 Lominafter ischemia
: ' wlo reperfusion
i:gginock, Fish oil 2.1 moln%hs 20 1 -12%* -59%* - - \ 15-min ischemia
McLennan, I v -10% -41%* - +12% | 15-min ischemia
1993 Fish ol 26 12 weeks 2 b-31% -63%* - +2% ' 5-min reperfusion
McLennan, Fish oil 2.6 L2weeks 2 1 27% -48% - agp 1 ominischemia
1993 ' 1 5-min reperfusion
Ils:gjee, Fish oil 3.0 10 weeks 20 - - NS Increased* , 20-min ischemia
Abeywarden . epa 33 omonths 36 1 -13% -40% - . Sminischemia;
a, 1995 ' 1 10-min reperfusion
McLennan, Tuna 37 18 1 L 6% NS i -5% 1 15-min ischemia
1990 ' months bo-24%* NS +21% ' 10-min reperfusion
McLennan, Tuna 37 12 20 ! i NS +7%, i 1 15-min ischemia
1988 ' months \ -44%* NS \ reperfusion

TT FAs=totd fatty acids, VPB = ventricular premature beats/complex; 1S = infarct size/size of ischemia zone; AS = arrhythmia
score (according to Curtis et. al.); TSR =length of time in normal sinus rhythm; 1SO = |soproterenol

- Not reported NS = no significant difference compared to controls

* P<0.05 compared to controls T P<0.01 compared to controls

! See Methods for the effects expressed as percent change.

2 ASinall studies were calculated according to Curtis et al [Cardiovascular Research 22, 656-665], except Hock, 1990 used a
modified method

8 Anincreasein TSR is a desirable outcomes for antiarrhythmic effects.
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Table 3-13. Arrhythmic Effects in Studies Comparing Omega-3 Long-Chain PUFAs with a Linolenic Acid

Arrhythmia Outcomes

Author, Omega-3  Dosage, Duration :_:?, %) § i ! Experimental
Year Arms g/100 g 2 85 ' Deaths VT VE VPB S AS TSR, Protocols
= . /10 min min |
Abeywarden ~ Soybean 04~ O9months  Rals 18 ! C % % 2% 298 - 31 - _; 5-min ischemia
a, 1995 MaxEPA 3.3 9 months Rats 18 0% 22% B 94 - 0.9 - i 10-min reperfusion
Linseed 5.2 10weeks  Rats 0 ! - 60% 40% - 35%* - 551, 20-min ischemia
Isensee, T e T L - 0 - - 20-min reperfusion
1994 Fish ol 3.0 10weeks  Rats 0 . - % 10% - 36%" - 107} 20-min ischemia

I - 40% -

20-min reperfusion

VT = ventricular tachycardia; VF = ventricular fibrillation; VPB = ventricular premature beats; IS = infarct size/size of ischemia zone;
AS = arrhythmia score (according to Curtis et. al.); TSR = length of time in normal sinus rhythm; min = minute

- Not reported  * estimated value from figures T p<0.05 between groups

T Anincreasein TSR is adesirable outcomes for antiarrhythmic effects




Table 3-14. Total Deaths in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals Fed Fish Oil

(EPA+DHA) With Controls Fed Saturated Fats

Omega-3  Dosage, . Omega-3 Fatty Acids Control .
Author, year Arms g/100 g Duration Event Total Event  Total Experiment Protocols
Rabbits
Chen, 1994 Fishol  52%kcal 2weeks | 3" 12 57 14 | L0-minischemia
1-hr reperfusion
Chen, 1004 Fishol ~ 5.2%kcal 2weeks | 6 14 gt 15 | Lfrischemia
4-hr reperfusion
Piglets
Hartog, 1987 Mackerel 0.6 16 weeks 1 7 0 6 5-min ischemia;
10-min reperfusion

Two deaths in each group occurred during reperfusion
T 50% deaths occurred during ischemia; 50% occurred during reperfusion

Table 3-15. Ventricular Tachycardia in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals

Fed Fish Oil With Controls Fed Saturated Fats

- . -3 F Aci | .
Author, Year Omega-3  Dosage, Duration Omega-3 Falty Acids Lontro Experiment Protocols
Arms 9/100 g Event Total Event  Total
Rats
Pepe, 1996 Fish ol 52  16weeks! 7' 2 ut 2 gm Irch:?frﬂls?on
Piglets
Hartog, 1987 Mackerel 0.6 16 weeks 2° 7 1* 6 %ﬂ:ﬂ;iﬁﬂ{ﬁi on

L All events occurred during ischemia procedure

T Some events occurred during ischemia; some occurred during reperfusion

Table 3-16. Ventricular Fibrillation in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of Animals

Fed Fish Oil With Controls Fed Saturated Fats

Author, Year 02532'3 %?fggz Duration 0;1/12?]?-3 Fatth,gf;?s Ever::tontroTlotaI Experiment Protocols
Rats
Pepe, 1996 Fishoil  5.2%kcal 16 weeks 0 20 16 20 ﬁim :ZEZ'?{L"S?OH
Yang, 1993 Fishol ~ 54%kcal 5days |  3* 8 R T o et
Piglets
Hartog, 1987 Mackerel 06  16weeks| 37 7 0 6 ?Omn';‘r:srcer;eer;}&l on

VT (%) or VF (%). All events occurred during reperfusion

T Some events occurred during ischemia; some occurred during reperfusion
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Table 3-17. Ventricular Premature Beats in Ischemia-Reperfusion-Induced Arrhythmias: Comparison of
Animals Fed Fish Oil With Controls Fed Saturated Fats

Author, Year Omega-3 Dosage, Duration  Animals TotaIN: VPB !t . Experiment Protocols
Arms 9/100 g ' '

IschemiaInduced Arrhythimas

Chen, 1094 2 Fishol ~ 52%kcal  2weeks  Rabhits 2 1 0% -, 10-minischemia
' -35% ! lhrischemia
Hartog, 1987 Mackerel 0.6 16 weeks  Piglets 13 v +53% '+ 5minischemia
Pepe, 1996 Fish ail 5.2 %kcal 5 days Rats 40 + -73%* 1+ 15-min ischemia
Reperfusion-Induced Arrhythimas
o : : (020 1 10-min ischemia; 1-hr reperfusion
Chen, 1994 2 Fish oil 5.2 %kcal 2 weeks Rabbits 22 | 25% 1 Lhrischemia; 4hr reper?usion
Hartog, 1987 Mackerel 0.6 16 weeks Piglets 13+ -65%* 1 15-minischemia; 10-min reperfusion
VPB = ventricular premature beat
*P<0.05

1 See Chapter 2: Methods for the effects expressed as percent change
2 Study results were biased by excluding more subjects who died from arrhythmias in the control group

Table 3-18. Total Deaths in Induced Arrhythmias: Comparison of Dogs Fed EPA and/or DHA With No
Treatment Controls

Author, Year Omega-3  Dosage, Duration Omege:-3 Falfy Acids Control Experiment Protocols
Arms /100 g Event Total Event  Total
5 Coronary artery thrombosis induced
Culp, 1980 Menhaden 3.3 %kcal 5~7 weeks 3 10 5 17 by electrical stimulation
Otsuji, 1993 EPA ester 1.0 8 weeks 0 10 5 15 Coronary artery ligation (or ischemia)

Table 3-19. Ventricular Premature Beats/Complex, Infarct Size, Arrhythmia Score and Areas at Risk of
Arrhythmias: Comparison of Dogs Fed EPA and/or DHA With No Treatment Controls

Arrhythima Qutcomes !

Omega-3 Dosage, Duratio  Total Experimental

Author, Year

Arms 9/100 g n N ! VPB AS 3 IS ARAr | Protocols
Kinoshita, 1994 EPA ester 1.0 8 weeks 20 ! -44%* 550 - - ! 3-hr ischemia
Culp, 1980 Menhaden 3.3 %kcal Wi;(s 27 1 Decreased - -52% -\ Electrical stimulation
Otsuji, 1993 * EPA ester 1.0 8weeks 20 ! . . -40% " NS ! Ischemia
Oskarsson, ! ! 90-min ischemia; 30-
1993 MaxEPA 1.0 6 weeks 22 ! - - -55%* NS ! min reperfusion

VPB = ventricular premature beats/complex; IS = infarct size/size of ischemia zone; AS = arrhythima score (according to Curtis
et al, 1987); TSR =length of time in normal sinus rhythm; ARAr = areas at risk of arrhythmias; ISH = ischemia

- Not reported NS = no significant difference compared to controls

* P<0.05 compared to controls T p<0.01 compared to controls

! See Chapter 2: Methods for the effects expressed as percent change
2 Study results were biased by excluding more subjects who died from arrhythmiasin the control group

103




Table 3-20. Effects of Intravenously Infused Omega-3 Fatty Acids on Ischemia-Induced or Spontaneous
Arrhythmias in Mongrel Dogs

A%g(r)r’ grnnlwesg?N§ Dosage Controls (N) Results E;(r;;etgcm;rslt
Billman, 10 ml fish oil Fish oil conc.: Saline (n=3) or N VFincidence Exercise-
1994 conc (n=4), 70% EPA+DHA lipid emulsion Fish oil infusion 8 13%* ischemia (2-

or 5mlfish ol | T conc.: (n=5) Controls 8 100% min) test
+5mlTg 65% EPA+DHA *P<(,005 compared to controls
conc (n=4)
Billman, Albumin- 98% EPA SBO lipid N  VFincidence Exercise-
1999 bound 91% DHA emulsion, ALA 8 25%* ischemia (2-
ALA (n=8) >99% ALA containing EPA 7 29%* min) test
EPA (n=7) No data on the 7%~8% ALA DHA 8 25%*
DHA (n=8) amount (ml) (n=7) Controls 7 100%
infused *P<0.05 compared to controls
Lo, 1991 ALA (n=8) 1 1,5,10, 20,30, or | Control buffer, | Eight dogs were infused control buffer or different Normal
60 mg/kg pH 8.1 (no doses of ALA. No events of VT or VPB were condition
lipids) observed when infusing control buffer, or ALA up
to 10 mg/kg.
ALA(mghkg) ~~ r20 730 60
vee T " 5% T T5%% 1 8B
ML 1% 3 63%
*P<0.05 compared to control buffer
Tg=triglyceride; VF = ventricular fibrillation; VPC = ventricular premature complex; VT = ventricular tachycardia; conc =

concentrate; SBO = soybean oil

L A left atrial injection instead of intravenous injection was used as the route of administration in this study
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Table 3-21. Effects of Omega-3 Fatty Acids on Contractile Parameters in Whole Animal Isolated Organ and Cell Studies

Animal Comparison
Author, Model IIEDxpos_ure Groups? Amount of Experimental Heart i pd Cardiac
Year [Type, uration | Omega-3 Control Omega—_3 Condition Agentb Rate | Contractilitye Work
Age, (Weeks) Fatty ) Fatty Acid
Sex] Acid (n)
RAT
Chemla, 1995 Myocardium, 4 N-3 (15) N-3 (16) 15%wt Ambient None NC (FVR)
Adult,
Male
Demaison, Isolated heart, 8 LIN (29) SF (32) 100g/kg Ambient None NC
1993 weanling, male
Heard, 1992 Atrial tissue, 4 FO+SAF SAF 19.5%+0.5%wt Ambient ISO NC (FOC)
adult, male (6-11) (6-11)
FO+SAF SAF 19.5%+0.5%wt Ambient Saline NC NC (FOC)
(6-11) (6-11) NC (dffdt)
NC (-dffdt)
FO+SAF SAF 19.5%+0.5%wt Ambient LPS D* I* (FOC)
(6-11) (6-11) [* (dffdt)
I* (—dfidt)
Ku, 1997 Isolated heart, 12 HC+EPA HC 300mg/kg Ambient None NC
aged female HC+DHA HC 300ma/kg Ambient None NC
HC+DHA HC+EPA 300mg/kg Ambient None NC
Leifert, 2000 Ventricular 3 FO (29-36) | LARD 35¢g/d Ambient None NC
myocyte, young (29-36) (DCL)
adult, male NC
(Gavage) (SCL)
NC
(PCL)
NC
(PRP)
FO (6 LARD (6 35¢g/d Ambient ISO D*
animals) animals)
FO (6-9 LARD (6- 35¢/d Ambient FRGS D*
animals) 9 animals)
Leifert, 2001 Ventricular 3 FO (6 SF (6 10%wt Ambient ISO D*+*
myocyte, animals) animals) D* (Time)
adult male NC (#)
Reig, 1993 Ventricular 5 FO (5) HF (5) 6%wt Ambient None NC
tissue,
young adult,
male
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Table 3-21. Effects of Omega-3 Fatty Acids on Contractile Parameters in Whole Animal Isolated Organ and Cell Studies

Animal Comparison
Model Exposure Groups? Amount of . .
Author, . Experimental Heart - Cardiac
Year [Type, Duration | Omega-3 Control Omega—_3 Condition Agentd Rate Contractilityc |Pd Work
Age, (Weeks) Fatty ) Fatty Acid
Sex] Acid (n)
Laustiola, 1986 | Atrial myocyte, 16 CLO (7-11) | Std (7-11) 10% wt High O None D*+* D¥**
weanling, male (A)
CLO (4-11) | Std (4-11) 10% wt High O; NA NC NC (A)
CLO (4-11) | Std (4-11) 10% wt Hypoxia NA Drx* DF**
(A)
CLO (4-11) | Std (4-11) 10% wt Reoxygenation NA NC NC (A)

IP=inotropic parameters; D = decrease; | = increase; NA = not applicable; NC = no change; ND=no datg * = p<0.05 ** = p<0.01;

A = amplitude
CLO=cod liver oil

D = decrease

DCL =diastalic cell length

df/dt =maximum rate of rise of contraction
DHA =decosahexaenoic acid

EPAe =EPA esters
FO =fish ail

FOC =force of contraction

FRGS =freeradica generating system
FVR =force-velocity relationship

HC = high cholesterol
HF =highfat

1SO =isoproteronol
LIN = linseed oil
LPS =lipopolysaccharide

*** = p<0.001

PCL =percent cell length
PRP =post rest potentiation
SAF = safflower ail

SF = saturated fat

STD = standard chow
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Table 3-22. Effects of Omega-3 Fatty Acids on Basoelectromechanical Parameters in Whole Animal Isolated Organ and Cell Studies
a
Author Amr[nTaIpl\godel % £ = Comparisons Amount Experiment
Y ' YPe, ® = % Omega-3 | Contr of . Agent VERP ARP RRP QRS QT MAP RDT
ear Age, S S o ; Condition
S S S =| Fatty Acid | ol Omega-3
eX] i O <
(n) (n)
RAT
Reig, 1993 Ventricular, 5 FO+HF HF 6+31% wt Ambient None D*
young adult, (5) (5)
male
Karmazyn, 1987| Isolated heart 12 CLO STD 10% wt Ischemia None NC
weanling (5-9) (5-9) Reperfusion
male/female
RABBIT
Gillis, 1992 [ SR vesicles, 6 FO SAF 10% wt Ambient None NC NC NC NC NC NC epi
weanling, ND 9) 9) NC endo

VERP =left ventricular effective refractory period; ARP = absolute refractory period ; RRP =relative refractory period ;
QRS =ventricular conductancetime; Qt = electrocardiogram interval ; MAP =monophasic action potential duration ; RDT = developed or resting tension;
D =decrease; | =increase; NA = not applicable; NC =no change; ND=no data; * = p<0.05 ** =p<0.01; *** =p<0.001

CLO =cod liver ail endo =endocardial HF =highfat SAF = safflower oil
D = decrease epi =epicardial NC =no change STD =standard chow
FO =fish ail ND =no data SR =sarcoplasmic reticulum




Table 3-23. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Whole Animal Isolated Organ and Cell Studies

orT

Animal Comparison = @ 2 o
Feedin a e S o % & G E |4 B g e
Author, | Mode! B sg | EZ Pumpr | S35l S35 | SE 3E3E &3
Year [Type, | Duration | omegas | .\ | E £ g 2 Agent Activity | 2E| 2F 2% |zEzslcd
Age, (Weeks) Fattle,)Acid ) 5 95 L% S o= gu 30 |oolo x| o>
Sex]
MOUSE
Croset, SR vesicles, 2 ALA ester SAF 0 .
1089h weaniing, 3) 3) 0.5%wt Ambient None D*
male EPA£3e;ster S(';\'): 0.5%wt Ambient None NC SR cazemge+ D
DH’?;)"Ster S(é)F 0.5%wt |  Ambient None NC SR cages D*
Swanson, SR vesicles, 2 SAF+FO SAF+CO o . "
1989 weanling, male (3ht) (3ht) 10% wt Ambient None D* Ca2+Mg2+
Croset, SR vesicles, 2 DHA ester STD 0.4g/100 .
1989a weanling, male (10) (10) g Ambient None NC SR cazmger
DH(/-}Oe)ster ?1To|)) 0'899/100 Ambient None NC SR cazemig+
DH(Alg)ster ?113)3 49/100 g Ambient None NC SR capsmgz+
Cardiac, 2 DHA ester STD 0.4g/100 Ambient . !
weanling, male (10) (10) g Oligomycin 1" cazeuger
DH(/-}g)ster ?1-[)[)) 08 %/100 Ambient Oligomycin I* cazemgo+
DH(/-}g)ster ?1-[)[)) 49/100 g Ambient Oligomycin NC caz+mgz+
RAT
Benedikts - Cardiac, adult 16 Cod liver Corn .
' 109 e
dotir, 1088 | male (ND) (ND) 0%wt ] Ambient None NC nare
Pepe, 1999 Cardiac, 2
aged & young Fish oil Omega-b .
adults, male (5) (6) 11.7% wt Ambient None NC
o . D* total
Flsg oil Om%gaﬁ 11.7% wt Arr’:girelr;t iw/ None D* aged
©) (6) p NC young
15-minute
Fish oil Omega-6 ischemia; D* aged
5) (6) 1L.7%wt 5-minute None D*** young

reperfusion
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Table 3-23. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Whole Animal Isolated Organ and Cell Studies

Animal

Comparison

—_ ™M =
L c + + +
Feedin a S = T S & & & e |y 2ls @ 4 o
Author, '[\4323 Duratio?] 5 Ggroups é é’ EE pumpa [ S 3| 83 Sg 3238 8=
Year ’ megax - o = Agent Activit oE| 2F 25 |x Sl xa
Age, (Weeks) | Fatty Acid Co(rll\lt)rol £ 95 L%_ 8 g Yy | 55| O &S 15852 55
Sex] (N)
Taffet, 1993 SR vesicle 3
' f CO+FO co 0 . "
%/eorlrjlg?eadult (11-12) (11-12) 17% wt Ambient None D
CO+F0 co 17%wt |  Ambient | C32%50uM CaDZ*Jrl\S/I|32+
(11-12) (11-12) ATP *Care
D* SR
Ca2+ 50uM
CO+FO co 0 . Ca2+Mg2+
(11-12) (11-12) 17% wt Ambient Ior?c)TnI:+cin D* Ca2+
y NC Mg2+
D* Ca2+Mg2+
Ca2+1mM .
%1?{:2? (1?-?2) 17% wt Ambient ATP+ D Ca2t D
lonomycin D*Mg2+
Leifert, 2001 | Cardiac, adult, | 3 e
male Fish ol SFA 10%wt | Ambient NC NC
®) ©)
Fish oil SFA : . :
®) ®) 10% wt Ambient Caffeine NC
. . I* Ca2+
Fish oil SFA .
®) ®) 10% wt Ambient DBHQ NC exchanger
efflux
. . I* caoe
F'S&g)o" S(g)A 10%wt | Ambient IS0 NC excange
or SR efflux
SR, 4 NC ca+
Black, 1989 | adult FO (6) STD(6) ml(;lfg/d Ambient Ca ot
male (Gavage) activity
. 12 20-minute
Ventricular, . . .
Karmazyn, R Cod liver STD o ischemia; .
| e 69 | wow | T comme | M e
reperfusion
Maixent, Cardiac, adult, 8 Fish oil STD .
1999 male ) 4 0.5g/kg Ambient OUA NC nask+
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Table 3-23. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Whole Animal Isolated Organ and Cell Studies

Animal Comparison = @ 2 o
Feedin a s g S y: @ S E |4 ey gy e
Author, Model Durati g Groups 3 g EE Pumpa 83| 8 3 8 § S f‘cﬁ S § SE
Year [Type, uration |- omegas | o £ & g g Agent Activity 2| 2f 285 |x Sl x2
Age, (Weeks) | Fatty Acid ) <E( b L%-S O~ | O OO0 |[Bvownexl v>
Sex] (N)
Chen, 1994 Cardiac, adult, 2
male Fish oil Coconut h
10%wt Ischemia None NC
(5) (5) ’
10-minute
Fish oil Coconut 0 ischemia;
5) 5) 10%wt 1-hour None NC
reperfution
1-hour
Fish oil Coconut 0 ischemia;
5) 5) 10%wt A-hour None NC
reperfusion
Kinoshita, Cardiac, adult 8 EPA ester STD 100 . ¥ cazemg+ (vimay)
1994 ND (6) (ND) mgkgid |  Ambient None NC
EPA ester STD 100 : I* Ca2+Mg2+ (Vmax)
) (\D) ma/kg/d Ischemic None NC o
EPA ester STD 100 .
©) (ND) mlkg/d Ambient OUA NC Nas+
EPA ester STD 100 .
(6) (ND) mglkg/d Ischemic OUA NC nask+
Atrial, adult, 3 Fish oil Canola .
Honen, 2002 male (6) (6) 3mi/d Ambient None NC
PIG
8
Ambient Ca* [* cap+
Sarcolemma, -
Lamers - ' Fishoil Lard
' weanling, 4.5%w -
1988 maleffemale (8) (8) Ischemia !
Reper- Ca* *cao+
fusion
Cys= cytosolic; SR= sarcoplasmic reticulum; D = decrease; | =increase; NC = no change;, ND=nodata; * = p<0.05 ** =p<0.01; *** =p<0.001

ALAe=dphalinoleic acid DHA =decosahexaenoic acid Mg2+=magnesum SFA =saturated fatty acid

ATP =adenosine triphosphate EPAe =& cosapentaencic acid NC =no change STD =standard chow

CO = corn oil FO =fish ail ND =no data SR =sarcoplasmic reticulum
D = decrease | =increase OUA =ouabain uM =micromoles

DBHQ =2,4-Di-tert - buytlhydroquinone 1SO =isoproteronol SAF = safflower oil
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Table 3-24. Effects of Omega-3 Fatty Acids on lon Currents In Whole Animal Isolated Organ and Cell Studies
Comparison
Animal Model Expo- Groupa
A;J/g;(r)r’ [Type, sure Amount of E)él:r)]t- Agent INa lto lcaL Ik Ik IKuR
Age, Duration | Omega-3 Control Omega-3 dition
Sex] (weeks) Fatty n)
Acid (n)
RAT
Minarovic, | ventricular 2 FO HF 100g/Kg/d Ambient None NC Ac
1998 myocyte, (ND) (ND)) NC InAc
Young adult, NC A
male
Leifert, ventricular 3 FO LARD 29% Energy Ambient None NC Ac NC Ac
2000 myocyte, (17-28) (17-28) NC InAc NC InAc
Young adult,
male
INa=initial fast current; Ito= transient K+ outward current or initial outward current; | Ca.L= voltage dependent L-type Calcium current/inward current/calcium sparks; | k= delayed

rectifier K+ current; Iki= inward rectifier K+ current; Ikur= ultrarapid K+ current; Ac-activation parameter; InAc = inactivation parameter;_ D = decrease; | = increase; NC = no

change; ND=nodata; * = p<0.05 ** =p<0.01;

A =amplitude

Ac =activation parameter

FO =fish ail

**% = n<0.001

InAc =inactivation parameter

HF = highfat
NC =no change
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Table 3-25. Effects of Omega-3 Fatty Acids on lon Channels In Whole Animal Isolated Organ and Cell Studies

Animal Comparison
Exposure
a
Aug;(r)r, Iﬁodel Duration 0 Gr%ups c Am:funt Experimental Agentd Binding to the Ca2+
y [Type, (weeks) mega- on- Condition g Channel
Age, FA trol | omega-3
Sex] (n) (n)
RAT
Gudmunds Ventricular SL, | 20 CLO Cco 10% wt Ambient NIT NC Kg
-dottir, 1991 | Adult, male (4-5) (4-5) NC Brax
Ventricular SL, | 88 CLO Cco 10% wt Ambient NIT NC Ky
Aged, male (4-5) (4-5) NC Brax
Ventricular SL, | 20 & 88 CLO CO 10% wt Ambient NIT D* Ky
Adult & aged, (5) (5) NC Brax
male
Minarovic, Ventricular 2 FO HF 100g/kg Ambient VER No effect of agent
1997 myocytes, (ND) (ND)
Young adult,
male FO HF 100g/kg Ambient DIL No effect of agent
(ND) (ND)
D = decrease; | =increase; NC =no change; ND=no data; * = p<0.05 ** =p<0.01; *** =p<0.001

CLO=cod liver ail

CO=cornail
D = decrease

DIL =diltiazem
FA =fatty acid
FO =fishail

HF = high fat
NC =no change
ND =no data

NIT =nitrendipine
VER =verapamil
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Table 3-26. Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile Parameters in Isolated Organ and Cell Culture Studies

Model Exposure Comparison Groups? Am- Experi- Con
Author, | [Animal, . ountof | mental .
Year Age, Duration Omega-3 Control | Omega- Con- Agent> | ARc | Tractility IP tCo | CD20 | CDs | -Cmax | +Cmax
Type] Fatty Acid (n) 3 dition
(n)
RAT
Hallag, Rat, 1-2 min DHA STD 5uM Ambient None NC
1992 neonatal, (6) (6)
ventricular | Free DHA STD 5uM Ambient OUA P*
(10) (10) T*
DHA STD 5uM Ambient NIT B*
©® ©®
DHA STD 5uM Ambient BAY B*
@ @
DHA STD 5uM Ambient VER NB
(3-4) (3-4)
DHA STD 5uM Ambient DIL NB
(3-4) (3-4)
EPA STD 5uM Ambient OUA p*
(ND) (ND)
Jahangiri, Rat, adult, 7 minFree EPA (107/7ht) | STD (107/7ht) | 10uM Ambient ISO D**
2000 atrial
DHA (101/5ht) | STD 10uM Ambient ISO D*
(101/5ht)
DHA m.e. STD 10um Ambient ISO NC
(71/4ht) (71/4ht)
Kang & Rat, 3 minFree ALA STD 5-10uM Ambient None D*
Leaf, 1994 | neonatal, (5) (5)
cardiac EPA STD 5-10uM Ambient None D* NC A
(46) (46)
EPA STD 5-10uM Ambient Vara D*
(ND) (ND)
EPA STD 5-10uM Ambient Caz p*
(ND) (ND) T*
EPA STD 5-10uM Ambient OUA p*
(ND) (ND) T*
EPAee. STD 5-10uM Ambient None NC
©) ©)
DHA STD 5-10uM Ambient None D* NC A
(32) (32)
DHA STD 5-10uM Ambient Caz p*
(ND) (ND) T*
DHA STD 5-10uM Ambient OUA p*
(ND) (ND) T*
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Table 3-26. Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile Parameters in Isolated Organ and Cell Culture Studies

Model Exposure Comparison Groups? Am- Experi- Con
Author, | [Animal . ountof | mental .
' " | Duration Agentb ARc | Tractilityd IP tC CD CD -C +C
Year Age, Omega-3 | .ol | Omega- | Con- g y 2 2 % mex e
Type] Fatty Acid (n) 3 dition
(n)
Kang & Rat, 3-7minFree | ALA STD 10-15uM Ambient LPC p* D*
Leaf, 1996 | neonatal, (5) 5)
cardiac
3-7minFree | ALA STD 10-15uM Ambient PTC pxT*
Q) (5
3-7minFree | EPA STD 10-15uM Ambient LPC P*T* D*
(5 (5
3-7minFree | EPA STD 10-15uM Ambient PTC P*T*
Q) Q)
3-7minFree | EPA STD 10-15uM Ambient Caz P*T*
(5) (5) lonophore
3-7minFree | EPA STD 15uM Ambient Electrical D**EA
() () pacing
3-7minFree | DHA STD 10-15uM Ambien LPC P* D*
©) (5
3-7minFree | DHA STD 10-15uM Ambient PTC P*T*
&) (5
Kang, Rat, 5 min Free EPA STD 8uM Ambient Cholera D\o
1995b neonatal, (4) (4) toxin
cardiac
EPA STD 5-10uM Ambient I1SO P*T* DND
(5-8) (5-8)
EPA STD 5-10uM Ambient ISO+INDO+ | P*
©) ©) BW
EPA STD 5-10uM Ambient CAMP T*
(5 ®)
DHA STD 5-10uM Ambient ISO+INDO+ | P*
(3) (8) BW
Leifert, Rat, adult, ND Free DHA DA 10uM Ambient ISO D**
2000 ventricular (5) (5)
DHA Stearic A 10uM Ambient LPC D**
@ @
DHA Stearic A 10uM Ambient ISO D*

@

@
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Table 3-26. Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile Parameters in Isolated Organ and Cell Culture Studies

Model Exposure Comparison Groups? Am- Experi- Con
Author, | [Animal, . ountof | mental b . —
Year Age, Duration Omega—_3 Control Omega- Con- Agent AR Tractility IP tC2 | CD2 | CDso Cmax | +Cmax
Type] Fatt(y ')“C'd (n) 3 dition
n
Li, 1997 Rat, ND Free EPA STD 10uM Ambient Eico T* D*
neonatal, (ND) (ND)
cardiac
MacLeod, Rat,adult, 5 min Free EPA STD 1-75uM Ambient None NoTS
1998 ventricular (6-8) (6-8)
EPA STD >10uM Ambient None DN TS
(6-8) (6-8)
DHA STD 1-7.5uM Ambient None NoTS
(6-8) (6-8)
DHA STD >10uM Ambient None DTS
(6-8) (6-8)
Negretti, Rat, adult ND Free EPA STD 10uM Ambient None D+ F [***RCL
2000 ventricular (6-57) (6-57)
Pepe, 1994 | Rat, adult, 4 min Free DHA STD 5uM Ambient None NC DL
cardiac (6) (6) NCTA
NC VS/DL
DHA STD 5uM Ambient NIT B*TA
(6) (6) B* VS/DL
DHA STD 5uM Ambient ISO NCTA
(6) (6) NC DL
DHA STD 5uM Ambient BAY B*TA
(6) (6) B* VS/DL
Rodrigo, Rat, adult, 10minFree | EPA STD 5uM Ambient None D**TS
1999 ventricular (8) (8)
Rat, adult, 10minFree | EPA STD 5uM Ambient Caz D*F
SSP (5) (5) NC Relax
ventricular EPA STD 10uM Ambient Ca* D*F
(5) (5) NC Relax
Weylandt, Rat, 3-12min EPA STD 15uM Ambient ISO T*
1996 neonatal, Free (8) (8)
cardiac EPA STD 15uM Ambient Caz D*
(12) 12)
DHA STD 15uM Ambient ISO T*
® ®
DHA STD 15uM Ambient Ca? D*
12) 12)
3-12min DHA Free DHA Bound 15uM Ambient ISO T*
Free (23) (23)
48 hr Bound
EPAFree EPA Bound 15uM Ambient ISO T*
(23) (23)
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Table 3-26. Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile Parameters in Isolated Organ and Cell Culture Studies

Model Exposure Comparison Groups? Am- Experi- Con
Author, | [Animal, . ountof | mental b . —
Year Age, Duration Omega—_3 Control Omega- Con- Agent AR Tractility IP tC2 | CD2 | CDso Cmax | +Cmax
Type] Fatt(y ')“C'd (n) 3 dition
n
DHA Free DHA Bound 15uM Ambient Ca* D*
(10) (10)
EPA Free EPA Bound 15uM Ambient Caz D*
(10) (10)
Courtois, Rat, 24 hr Bound | SM3Na-Al(5) | STD 28%ALA+ | Ambient None NC NC NC NC
1992 neonatal, (5) 30%EPA
ventricular
SM3Na-Al (5) [ STD 28%ALA+ | Ambient ISO D* NC NC NC
(5) 30%EPA
SM3Na-Al (5) | SM6Na-Al (5) | 28%ALA+ | Ambient None NC NC NC [**
30%EPA
SM3Na-Al SM6Na-Al (5) [ 28%ALA+ [ Ambient ISO NC NC NC NC
(5) 30%EPA
De Jonge, Rat, 4-5d EPA STD 214uM Ambient None D*
1996 neonatal, Bound 4 4
ventricular
Durot, Rat, 4d SM3 SM6 25uM Ambient None NC NC NC NC NC
1997 neonatal, Bound (6) (6) EPA+
ventricular 25 uM
DHA-AI
SM3 SM6 25uM Hypoxia None NC NC NC NC NC
(6) (6) EPA+
25uM
DHA-AI
SM3 SM6 25uM Reoxy None NC NC NC NC NC
(6) (6) EPA+
25uM
DHA-AI
Fournier, Rat, 4d EPA DHA 100uM Ambient None NC NC NC NC NC
1995 neonatal, Bound (11) (11)
ventricular
Grynberg, Rat, 24 h SM3 SM6 57%ALA Ambient None NC NC
1988 neonatal, Bound (12) (12) +7%LA
ventricular +0.2%
AA-Na-Al
SM3 SM6 57%ALA Hypoxia None NC NC
(11) (11) +7%LA
+0.2%

AA-Na-A
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Table 3-26. Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile Parameters in Isolated Organ and Cell Culture Studies

Model Exposure Comparison Groups? Am- Experi- Con
Author, | [Animal . ountof | mental .
’ ' | Duration Agentb ARc | Tractilityd IP tC CD CD -C +C
Year Age, Omega-3 | .ol | Omega- | Con- g y 2 2 % mex e
Type] Fatty Acid (n) 3 dition
(n)
SM3 SM6 57%ALA Reoxy None NC NC
(1) (12) +7%LA
+0.2%
AA-Na-Al
Grynberg, Rat, 4d EPA-Na-Al DHA-Na-Al 100uM Ambient None NCF NC NC NC NC
1995 neonatal, Bound (12) (12)
ventricular
EPA-Na-Al DHA-Na-Al 100uM Ambient ISO D*F NC
6 6)
EPA-Na-Al DHA-Na-Al 100um Ambient Phe NC NC
(6) (6)
EPA-Na-Al DHA-Na-Al 100um Ambient dBcAMP D*
(6) (6)
Grynberg, Rat, 4d EPA-AI DHA-AI 0.1mM Ambient None NC NC NC NC NC
199 neonatal, Bound (10) (10)
ventricular
4d EPA-AI DHA-AI 0.1mM Ambient Phe NC
Bound (10) (10)
4d EPA-AI DHA-AI 0.1mM Ambient ISO D**
Bound (10) (10)
4d EPA-AI DHA-AI 0.1mM Ambient dBcAMP D**
Bound (10) (10)
Hallag, Rat, 35d EPA STD 5uM Ambient None NC NC A
1990 neonatal Bound (6) (6)
EPA STD 5uM Ambient OUA D¥** [**¥* A
Q) ©®)
EPA+DHA-AI STD 5%EPA+ | Ambient None NC NC NC NC NC
Ponsard, Rat, 4d (13) (13) 7%DHA
1999 neonatal, Bound
ventricular
EPA+DHA-AI N-6 5%EPA+ | Ambient ISO * NC NC NC NC
@ @ 79%DHA
EPA+DHA-AI N-6 5%EPA+ | Ambient PHE * NC NC NC NC

®)

®)

7%DHA
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Table 3-26. Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile Parameters in Isolated Organ and Cell Culture Studies

Model Exposure Comparison Groups? Am- Experi- Con
Author, | [Animal, . ountof | mental b . —
Year Age, Duration Omega—_3 Control Omega- Con- Agent AR Tractility IP tC2 | CD2 | CDso Cmax | +Cmax
Type] Fatt(y ')“C'd (n) 3 dition
n
Reithman, | Rat, 3d DHA STD 60uM Ambient NA+TIM D**
1996 neonatal, Bound (15) (15)
cardiac
Weylandt, Rat, 48 hr EPA STD 15uM Ambient ISO NC
1996 neonatal, Bound (107) (51)
cardiac
EPA STD 15uM Ambient Ca* NC
(20) (14)
DHA STD 15uM Ambient ISO NC
(51) (13)
DHA STD 15uM Ambient Ca* NC
(20) (6)
EPA DHA 15uM Ambient ISO NC
(107) (51)
EPA DHA 15uM Ambient Caz NC
(6-14) (6-14)
GUINEA PIG
Ferrier, Guinea pig, | 15-20 min DHA me. STD 10uM Ambient None D**CICR
2002 adult, Free (18-24) (18-24) NC VSRM
ventricular
Juan, 1987 | Guinea pig, | 30minFree | EPA-Na STD 6x108 Ambient OvAl NC
adult, (8) (8) mol/min
isolated EPA-Na STD 15x108 Ambient OvAl D*
heart (8) (8) mol/min
EPA-Na STD 15x108 Ambient OvAI+ES D*
(5) (5) mol/min
MacLeod, Guinea pig, | 5 min Free EPA STD 5-20uM Ambient None DTS
1998 adult, (6-8) (6-8) dd
ventricular DHA STD 5-20uM Ambient None DTS
(6-8) (6-8) dd
EPA STD 5uM Ambient None D***TS
Rodrigo, Guinea pig, | 10min Free (M (M
1999 adult,
ventricular
Guinea pig, | 10minFree | EPA STD 5uM Ambient Ca* D*F
adult, SSP (5) (5) NC Relax
ventricular
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Table 3-26. Effects of Omega-3 Fatty Acids on Arrhythmogenic and Contractile Parameters in Isolated Organ and Cell Culture Studies
AR= arrhthymia; |P= inotropic parameters; t C20= contracting coupling delay; CD20= contraction delay at 20% relaxation ; CD80= contraction delay at 80% relaxation ; -Cmax=

relaxation time; +Cmax= cell shortening velocity; D = decrease; | =increase; NC = no change; ND=no data; * = p<0.05 ** = p<0.01;

A =amplitude
Al =adequate intake
ALA =aphalinoleic acid

AR =arrhythmia

B =blocked

BAY =Bay K8644

BW = BW 755c lipoxygenase inhibitor
cAMP =cyclic adenosine monophosphate

CICR =calcium induced contractile
response
D = decrease

DA =amplitude

dBcAMP =dibutyryl cyclic adenosine
monophosphate

DHA m.e. =decosahexaenoic acid
methylated
DIL =diltiazem

DL =diagtolic length

Eico =eicosanoids

EPA =eicosapentagnoic acid

EPAe.e. = eicosapentaenoic acid ethylated

Es =esculetin
F =frequency

INDO =indomethacin
IP =inotropic parameters
1SO =isoproteronol

LA =linoleic acid

LPC =lysophosphatidylcholine
N-6 =omega-6

NA+TIM =sodium and timolol
NB =no block

NC =no change

ND =no data

NIT =nitrendipine
OUA =ouabain

OvAl =ovabumin
P =prevented
PHE =phenylephrine

PTC =pa mitoylcamitine

RCL =resting cdll length

SM3 =synthesized medium
for omega-3 group

SM6 = synthesized medium
for omega-6 group

STD = standard chow

T =terminated

TA =twitch amplitude

TS =twitch size
uM=micromoles

VER =verapamil

VS/DL=velocity of
shortening/diastolic length
VSRM =voltage sensitive
release mechanism

*** =p<0.001
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Table 3-27. Effects of Omega-3 Fatty Acids on Basoelectromechanical Parameters in Isolated Organ and Cell Culture Studies

Model omega- | o0 | Amount Experi
Author, Year [A+n|rr;al, %ﬁﬁgfi%f Z(l;ztty trol of mental Agent | AP | APA | APD4 | APDgo | Vmax | MDP | OS | Other
A?/gpe]' (n) (n) Omega-3 Condition
RAT
Bogdanov, 1998 Rat, adult | 10-15min EPA STD 5-10uM Ambient None [ND NC
ventricular | Free (ND) (ND)
EPA STD 20uM Ambient None D\o [ND D\o
(ND) (ND)
DHA STD 10-50uM Ambient None DND [N DND
(ND) (ND)
Kang, 1995 Rat, 2-5min EPA STD 10uM Ambient None D*F NC D** NC
neonatal, Free 8) 8) D**
ventricular
MacLeod, 1998 Rat, 5min EPA STD 1-7.5uM Ambient None INC dd
adult, Free (11-14) (11-14)
ventricular EPA STD >10uM Ambient None Do dd
(11-14) (11-14)
DHA STD 1-7.5uM Ambient None [N
(6-8) (6-8)
DHA STD >10uM Ambient None Do dd
(11-14) (11-14)
Durot, 1997 Rat, 4d SM3 SM6 25uM EPA+ Ambient None NC NC NC NC I NC NC
neonatal, Bound 9 9) 25uM DHA-
ventricular Al
SM3 SM6 25uM EPA+ Hypoxia None NC D* D D* NC NC
(5) (5) 25uM DHA-
Al
SM3 SM6 25uM EPA+ Reoxy None NC NC NC NC NC Im
(5) (5) 25uM DHA-
Al
Fournier, 1995 Rat, 4d EPA DHA 100uM Ambient None NC * NC NC NC NC [*
neonatal, Bound (12) (12)
ventricular
Grynberg, 1988 Rat, 24 h SM3 SM6 57%ALA+ Ambient None NC NC NC NC NC NC NC
neonatal, Bound (12) (12) 7% LA+
ventricular +0.2% AA-
Na-Al
SM3 SM6 57%ALA+ Hypoxia None NC D** NC NC NC NC D*
(11) (11) 7% LA+
+0.2% AA-

Na-Al




Table 3-27. Effects of Omega-3 Fatty Acids on Basoelectromechanical Parameters in Isolated Organ and Cell Culture Studies

ect

Model omega- | o | Amount Experi
Author, Year [A+n|rr;al, %ﬁﬁgfi%f Z;Ztty trol of mental Agent | AP | APA | APD4 | APDgo | Vmax | MDP | OS | Other
A?/gpe]' (n) (n) Omega-3 Condition
SM3 SM6 57%ALA+ Reoxy None NC x NC NC NC NC *
(12) (12) 7% LA
+0.2% AA-
Na-Al
Grynberg, 1996 Rat, 4d EPA-Al DHA-AI 0.1mM Ambient None * NC NC NC [*
neonatal, Bound (10) (10)
ventricular
Reithman, 1996 Rat, 3d DHA STD 60uM Ambient None NC *
neonatal, Bound (28-29) (28-29)
cardiac DHA STD 60uM Ambient NA+TIM | D*
(14-19) (14-19)
DHA STD 60uM Ambient ISO D*
(10-12) (10-11)
DHA STD 60uM Ambient OUA D*
4 4
GUINEA PIG
MacLeod, 1998 Guinea 5 min EPA STD 1-20uM Ambient None DNP dd
pig, Free (12-16) (12-16)
adult, DHA STD 1-20uM Ambient None D'o dd
ventricular (12-16) (12-16)
CAT
Bayer, 1979 Cat, 5 min ALA-Na STD 2mglkg/ Ambient INDO NC ac
adult, Free IV (M (M min NC avc
heart in NC s
situ NC
AVRP
NC = no change; AP=action potential rate; APA= action potential amplitude; APD40= action potential duration at 40% depolarization; APD 80= action potential duration at

80% depol arization; Vmax= maximum rate of depolarization; MDP= maximum diastolic potential; OS= overshoot; D = decrease; | = increase; NC = no change; ND= no data;
* =p<0.05 ** =p<0.01; *** =p<0.001
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Table 3-27. Effects of Omega-3 Fatty Acids on Basoelectromechanical Parameters in Isolated Organ and Cell Culture Studies

AA =arachidonic acid
AC =intra-atrial conduction time

ALA = aphalinoleic acid

ARP =functional refractory period of the
atrium

AV C =atrioventricular conductance time
AVRP =functional refractory period of
atrioventricular conducting system

D = decrease
dd =dose dependent

DHA =decosahexaenoic acid
F =frequency

| =increased
INDO =indomethacin

1SO= isoproteronol
LA =linoleic acid

MDP= maximum diastolic
potential
N-6 =omega 6

ND =no data

OS= overshoot

SM3 = synthesized medium
for omega-3 group

SM6 = synthesized medium
for omega-6 group

STD = standard chow

SR =sarcoplasmic reticulum
uM =micromoles
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Table 3-28. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Isolated Organ and Cell Culture Studies

< - -
S Comparison - > x S = 2 %
< — — — [ © (541 —
— - framy — S
Author, Model = Groups Amount 5 = < | £ S £ = < g _
[Animal a of = 3 = % o o > g S @
Year ' © Omega- =S | Agent | < = ] & y & + 8 =
Type, 5 3 Omega- S5 g = O S b3 S8 Py S o
Age] 3 Control 3 X O E|l &% | v > O o o |3
=3 Fatty L a o %) = o ;] o
< (n) .| O & @
W | Acid g ©
(n)
RAT
Kang & Rat, 7min EPA STD 10-15uM Ambient None NCsys
Leaf, 1996 | neonatal, Free (6) (6) NCga
cardiac EPA STD 10-15uM Ambient LPC Tearu
(6) Q)
Negretti, Rat, ND ND EPA (46) | STD 10uM Ambient Caz D
2000 ventricular Free (46) Bas
EPA (4) STD 5uM Ambient Caff [*
@
DHA (3) STD 5uM Ambient Caff [*
©)
O'Neill, Rat, ND ND EPA (6) STD (6) 10uM Ambient Caz D* NC DNP Bas
2002 ventricular Free EPA(12) | STD(12) | 10uM Ambient Caff NC
Pepe, 1994 | Rat, young 4 min DHA STD 5uM Ambient None NC
adult, Free (6) (6)
cardiac
DHA STD 5uM Ambient NIT B* B*
©) ©®)
DHA STD 5uM Ambient BAY B* B*
©®) ©®)
DHA STD 5uM Ambient ISO NC
©®) ©®
Rinaldi, Rat, 20 min DHA+KCI | DHA+KC 10uM Ambient KClI D*
2002 adult, VS 9) L mag of |
ventricular 3d 9)
Free
DHA DHA 10uM Ambient KClI D **
9) (9) mag of |
DHA DHA 10uM Anoxia None D**
©) (©)
DHA DHA 10uM Anoxia KClI D**
©) ©)
DHA DHA 10uM Anoxia ET-1 D**
&) )
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Table 3-28. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Isolated Organ and Cell Culture Studies

c . b~ —
.% Comparison - B E E = _%; § _
Author, Mo_del 5 Groups Amount = 5 = ) £ S £ s < g _
[Animal, o of == o = & O S o o c @
Year o | Omega- ES |Agent | < | E o Py < 5 O s £
Type, 5 3 Omega- S5 g = O S b3 S8 Py S o
Age] 8 Control 3 X O S| s | ¢ e o e © i
o Fatt Ll o > o o
< y o (] = n w wn
S | aca | ™ ¢ ©
O
(n)
20 min DHA+ STD 10uM Ambient ET-1 x
free ET-1 9)
©)
DHA STD 10uM Ambient ET-1 D **
&) © mag of |
DHA (9) STD 10uM Ambient None NCles
(©)
DHA +KCI | STD 10uM Ambient KClI [¥*x
©) ©)
DHA STD 10uM Ambient KClI D **
(9) 9) mag of |
DHA+ET- | STD 10uM Ambient ET-1 D **
1 9) mag of |
(©)
DHA STD 10uM Ambient ET-1 D **
9) (9) mag of |
DHA STD 10uM Anoxia None D **
(9) 9 mag of |
DHA STD 10uM Anoxia KClI D**
©) ©)
DHA STD 10uM Anoxia ET-1 D**
&) 9
3d DHA (9) STD 10uM Ambient None NCres
Free (9)
DHA+KCI | STD 10uM Ambient KClI [Fx
(C) 9
DHA STD 10uM Ambient KClI D **
(9) (9) mag of |
DHA STD 10uM Anoxia None D**
(©) ©)
DHA STD 10uM Anoxia KCI D**
(©) ©)
DHA STD 10uM Anoxia ET-1 D**
(©) )
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Table 3-28. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Isolated Organ and Cell Culture Studies

< —
% Comparison = > E E E % § .
Author, Model 5 Groups Amount €5 = < | £ S £ s < g _
[Animal, o of == o = & O S o o c @
Year o | Omega- ES |Agent | < | E o Py < 5 O s £
Type, 5 Omega- @ S o = O < S < Py 3] o
D 3 o 9 S & - O S O <
Age] 3 Control 3 < O 5 © g "t © o © ]
g Fatty ) w a | ©| S > & @ &
w Acid Z;;
(n)
Rat, 10 min EPA STD 5uM Ambient Caz D*
Rodrigo, adult, Free (5) (5)
1999 SSP
ventricular
EPA STD 10uM Ambient Ca* D*
&) Q)
Vitelli, 2002 | Rat, 20 min DHA STD 10uM Ambient Caz NClss
adult, Free (ND) (ND) free
ventricular KRB
DHA STD 10uM Ambient CaCl NClss
(ND) (ND) KRB
DHA+ STD+ 10uM Ambient DXR+ D** *
DXR DXR Caz
(ND) (ND) free
KRB
DHA+ STD 10uM Ambient DXR+ NC
DXR (ND) Ca?
(ND) free
KRB
DHA+ DHA 10uM Ambient DXR+ NC
DXR (ND) Ca
(ND) free
KRB
DHA+ STD+ 10uM Ambient DXR+ D** *
DXR DXR CaCl2
(9) (9) KRB
DHA+ STD 10uM Ambient DXR+ NC
DXR 9) CaCl2
©) KRB
DHA+ DHA 10uM Ambient DXR+ NC
DXR 9) CaCl2
(9) KRB
DHA STD 10uM Ambient Caff+ D** *
9) 9) CaCl;
Free
KRB
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Table 3-28. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Isolated Organ and Cell Culture Studies

< —
2 Comparison = - x < E @ @
© i = = = - [ [15] —
Author, Model 5 Groups Amount 5 = < | £ S £ s < g _
[Animal, o of == o = & O S o o c @
Year ) Omega- =T | Agent | < | E & & by & + k=i £
Type, 5 3 Omega- 3 S o = O ‘s b3 S8 P 5] o
Age] 8 Control 3 X O El s | g 2 o e © i
o Fatty Ll a &) > > o %) o
> A (n) . (&) &) %) [75)
w Acid g
(n)
DHA+ STD 10uM Ambient Caff+C NC
DXR 9) aCl,
9) Free
KRB
DHA STD 10uM Ambient Caff+ D** *
9) 9) CaCl2
KRB
DHA+ STD 10uM Ambient Caff+C NC
DXR 9) aCl2
©) KRB
Xiao, 1997 | Rat, ND EPA STD 1.5uM Ambient None D** cajcium
adult Free (ND) (ND)
ventricular EPA STD 15uM Ambient None D** cajcium
(ND) (ND) transients
Hallag, Rat, 3-5d EPA STD 5uM Ambient None NC
1990 neonatal, Bound | (8) (8)
cardiac 3-5d EPA STD 5uM Ambient OUA NC
Bound | (3) (3) (1uM)
3-5d EPA STD 5uM Ambient OUA D***
Bound | (5) (5) (0.1m
M)
3-5d EPA STD 5uM Ambient OUA | NC
Bound | (10) (10 0Im | NaK
M)
3-5d EPA STD 5uM Ambient BUME | NC
Bound | (11) (11) NaK
3-5d EPA STD 5uM Ambient OUA+ | NC
Bound | (8) (8) BUME | NaK
Rat, 4d DHA STD 5uM Ambient OUA B* |
neonatal, Bound | (4-11) (4-11)
ventricular
4d DHA STD 5uM Ambient NIT B\°D
Bound | (5-14) (5-14)
4d DHA+NIT | DHA 5uM Ambient NIT NC
Bound | (5-14) (5-14)
4d DHA STD 5uM Ambient BAY BND|
Bound | (5-14) (5-14)




6CT

Table 3-28. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Isolated Organ and Cell Culture Studies

< —
S Comparison - > x S € 2 %
= = — © —
Author Model < Groups Amount | £ 5 S| x| E = £ £ 8 g _
"1 [Animal, = of 2= S | 2 | « ) 38 > 3 = 2
Year o | Omega- ES |Agent | < | E | & Py < 5 O s £
Type, 5 Omega- @ S o = O < S < Py 3] o
D 3 o 9 S & - O S O <
Age] 3 Control 3 < O 5 © g "t © o © ]
g Fatty ) w a | ©| & > & » 7
Lu Acid g ©
(n)
4d DHA+ DHA 5uM Ambient BAY NC
Bound | BAY (5-14)
(5-14)
4d DHA STD 5uM Ambient | OUA+ BND
Bound | (5-14) (5-14) NIT D
4d DHA DHA 5uM Ambient | OUA+ NC
Bound | +OUA (5-14) NIT
+NIT
(5-14)
4d DHA+Bay | STD+Bay 5uM Ambient BAY + BND
Bound | +NIT +NIT NIT D
(5-14)
4d DHA+Bay | DHA 5uM Ambient BAY + NC
Bound | +NIT (5-14) NIT
(5-14)
4d EPA STD 5uM Ambient NIT BND
Bound | (5-14) (5-14) D
4d EPA+NIT | EPA 5uM Ambient NIT NC
Bound | (5-14) (5-14)
4d EPA STD 5UM Ambient BAY B |
Bound | (5-14) (5-14)
4d EPA+BAY | EPA 5UM Ambient BAY NC
Bound | (5-14) (5-14)
4d EPA STD 5UM Ambient | OUA+ BN
Bound | (5-14) (5-14) NIT D
4d EPA EPA 5uM Ambient | OUA+ NC
Bound | +OUA+ (5-14) NIT
NIT
(5-14)
4d EPA+Bay | STD+Bay 5uM Ambient BAY + BND
Bound | +NIT +NilT NIT D
(5-14)
4d EPA+Bay | EPA 5uM Ambient BAY + NC
Bound | +NIT (5-14) NIT
(5-14)
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Table 3-28. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Isolated Organ and Cell Culture Studies

o . +—
% Comparison = > x S E % §
— = = = = b~ — o
Author, Model = Groups Amount 5 = = | 5 S £ = ° g _
[Animal, a of c = o = & o O = o < Q
Year o | Omega- ES |Agent | < | E o Py < 5 O s £
Type, 5 Omega- T S o | = O S & < ‘& S o
@ 3 2 8 £ | & . O S o S x
Age] 3 Control 3 x O S | = o s © @ 0
o Fatty i a o %) = 24 * o
X : (n) s | ©| O @ »
w Acid 3
(n)
Guinea pig, 10 min EPA STD 5uM Ambient Ca* D*
Rodrigo, adult, Free (5) (5)
1999 SSP
ventricular
DOG
Philipson, Dog, 15sec | ALA(9) STD 30uM Ambient Caz *Naca exchange
1985 adult, Free (9)
ventricular 2 min ALA (3) STD 20uM Ambient Pre- I* st pass
SR vesicles Free 3 loaded Ca efflux
Ca*
Philipson, Dog, 15sec | ALA(3) STD 60uM Ambient Ca *Naca exchange
1987 adult, Free (3)
ventricular 2 min ALA (4) STD 30uM Ambient Pre- 1* st pass
SR vesicles Free 4 loaded Ca efflux
Caz
Goel, 2002 | Pig, adult 90+/- ALA STD 50uM Ambient None NCram
ventricular 30s (3-5) (3-5) exchange
SR vesicles Free
DHA STD 50uM Ambient Na* D*Nam
(3-5) (3-4) exchange
EPA (3-5 | STD 10uM Ambient None NCran
(3-5) exchange
EPA (3-5 | STD 25uM Ambient None NCram
(3-5) exchange
EPA STD 50uM Ambient None D¥*Narm NCpass
(3'6) (3'6) exchaange NA efflux
EPA STD 100uM Ambient None D*nam
(3-5) (3-5) exchaange
DHA (3-5) | STD 10uM Ambient None NCram
(3-5) exchange
DHA (3-5) | STD 25uM Ambient None D*Nam
(3-5) exchange
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Table 3-28. Effects of Omega-3 Fatty Acids on lon Pumps and lon Movement in Isolated Organ and Cell Culture Studies

< . —
.% Comparison = > x < *OC-J' % §
— = C = = c h=4 — o
Author, Mo_del = Groups Amount 5 = x £ S = = g 2} _
[Animal, o of cE o = + o IS] =) & c @
Year o | Omega- E5 |Agent | < | E | & & y & " S £
Typer S Omega' o S o = (@] o] N 353 & O e
D 3 2 8 S & . 8] 8 o 3 =
Age] o Control 3 < O S © % P O o n
S Fatty (n) L a o 'y > & ;] &
w Acid g
(n)
DHA STD 50uM Ambient None D¥*Narh NCpass
(3'5) (3'5) exchange NA efflux
DHA STD 100uM Ambient None D*nam
(3'5) (3'5) exchange

Cys= cytopsolic; SR= sarcoplasmic reticulum; D = decrease; | = increase; NC = no change; ND=no data; * = p<0.05 ** =p<0.01; *** =p<0.001

ALA =aphalinoleic acud

B =blocked
Bas =basdline

BAY = Bay K8644
BUME =bumetamide

Caff =caffeine
D = decrease

DHA =decosahexaenoic acid

DXR =doxorubicin

EPA =eicosapentagnoic acid

ET -1 =endothdlin-1

| =increased ND =nodata

1SO =isoproteronol NIT =nitrendipine

KCI =potassium chloride OUA =ouabain

KRB =Krebs Ringer bicarbonate  SL =sarcolemma

LPC =lysophosphatidylcholine SR =sarcoplasmic reticulum
Na=sodium STD = standard chow

Na/K =sodium/potassum uM =micromoles

NC =no change
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Table 3-29.

Effects of Omega-3 Fatty Acids on lon Currents in Isolated Organ and Cell Culture Studies

Auth Model )
:1( or, [Animal, | Exposure | Comparison Groups | Amount of Experi agent | 1 | I | | |
ear Type, Duration Omega3 - Omega-3 XperlI gen Na to CaL K KI KUR
Age] Fatty Acid men_t{?‘
g (n) () Condition
MOUSE
Honore, Mouse, ND DHA STD 30uM Ambient None NC D*
1994 neonatal, Free 9) 9)
ventricular
RAT
Bogdanov, Rat, 3-12min EPA STD 5-10uM Ambient None NC
1998 adult Free (4) (4)
ventricular EPA STD 20uM Ambient None D*
@ @
EPA STD 50uM Ambient None D* NC D*
@ @
DHA STD 5uM Ambient None DND
(ND) (ND) Do A
NP delay
D** t
DHA STD 5uM Ambient INDO DND
(ND) (ND) D0 A
NP delay
D** t
DHA STD 50uM Ambient None NC DnD
(ND) (ND)
Leifert, 1999 | Rat, 4 min ALA STD 25uM Ambient None +ve AcH
adult Free (6) (6) None ve InAc**
ventricular EPA STD 25uM Ambient None +ve AcH
(10) (10) ve InAc**
DHA STD 25uM Ambient None D0 A
(7 M +ve Act
e InAc**
Macleod, Rat, 5 min EPA STD 5,10,20uM Ambient None D\ A dd DNP dd
1998 adult Free (6-8) (6-8)
ventricular
EPA STD 0.1-10uM Ambient None DN dd
(5-8) (5-8)
EPA STD 2uM Ambient None DnD DnD
(ND) (ND)
EPA STD 5uM Ambient None DD DD
(ND) (ND)
DHA STD 5,10,20uM Ambient None D\ A dd
(6-8) (6-8)
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Table 3-29. Effects of Omega-3 Fatty Acids on lon Currents in Isolated Organ and Cell Culture Studies

Author Model i
Year [Animal, | Exposure | Comparison Groups | Amount of Experi agent | 1 | I | | |
Type Duration | Omega3 Omega-3 P g Na © cal K K KR
A e]' Fatty Acid Control mental
g (n) () Condition
DHA STD 5,7.5,10uM Ambient None DNP dd
(5-8) (5-8)
DHA STD 0.1-10uM Ambient None DNP dd
(5-8) (5-8)
Negretti, Rat, 3min EPA STD 10uM Ambient None D* A
2000 adult, Free (5) (5)
ventricular DHA STD 10um Ambient None D* A
) Q)
O'Neill, Rat, ND ND EPA STD 10uM Ambient Ca? D**E
2002 ventricular Free (6) (6) [¥**A
Pepe, 1994 | Rat, adult, 4 min DHA STD 5uM Ambient None NC A
cardiac Free (6/gp) (6/gp)
DHA STD 5uM Ambient NIT I* A
(6/gp) (6/gp)
DHA STD 5uM Ambient BAY B* A
(6/9p) (6/gp) .
DHA STD 5uM Ambient ISO NC A
(6/gp) (6/gp)
Rodrigo, Rat, 10 min EPA STD 5uM Ambient None D***
1999 adult Free (8) (8)
ventricular
Xiao, 1995 Rat, ND ALA STD (5) 10uMm Ambient None D*
neonatal, Free (5)
ventricular EPA STD 5-10uM Ambient None D*
(6-10) (6-10) NC IVC
NC Ac
NC InAc
EPA STD 10-40uM Ambient None D* dd
(4-10) (4-10)
EPA STD 5-10uM Ambient None D** tdv
(10) (10) dependent
EPA (21) STD (21) 10uM Ambient None D***
DHA STD (7) 10uM Ambient None D*
(1)
DHA STD (7) 5uM Ambient None D**
(1)
Xiao, 1997 Rat, ND ALA STD (5) 5uM Ambient None D**
neonatal, Free (5) e IAC

ventricular
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Table 3-29. Effects of Omega-3 Fatty Acids on lon Currents in Isolated Organ and Cell Culture Studies

Auth Model )
:J( or, [Animal, | Exposure | Comparison Groups | Amount of Experi agent | 1 | I | | |
ear Type, Duration | Omega3 Control Omega-3 Xpe”| gen e © @ « « R
Age] Fatty Acid men_t{?‘
g (n) () Condition
ND EPA (ND) STD (ND) 0.1-40uM Ambient None D' dd tdv
Free dependent
ND EPA STD (5) 5uM Ambient None D**
Free (5) e IAC
ND DHA STD (6) 5uM Ambient None D**
Free (6) e IAC
ND EPA (11) STD (11) 1.5uM Ambient None D*
Free NC IVC
e Shift
IAC
ND EPA STD 1uM Ambient None D**
Free (5) (5)
ND EPA STD 5uM Ambient None D**
Free (8) (8)
GUINEA PIG
Ferrier, Guinea pig, 20 min DHAm.e STD 10uM Ambient None [
2002 adult, Free (18-24) (18-24)
ventricular
Macleod, Guinea pig 5min EPA STD 5,10,20uM Ambient None DV A dd
1998 adult, Free (8-10) (8-10)
ventricular EPA STD 2, 5uM Ambient None DND DND
(5-8) (5-8)
EPA STD 5,7.5,10uM Ambient None DD A dd
(5-8) (5-8)
DHA STD 5,10,20uM Ambient None D\ A dd
(8-10) (8-10)
DHA STD 5, 7.5, 10uM Ambient None D\P dd
(6-10) (6-10)
Rodrigo, Guinea pig, 10 min EPA STD 5uM Ambient None D*+*
1999 adult, Free (17) (11)
ventricular
FERRET
Xiao, 2002 Ferret, ND ALA STD 5uM Ambient None
adult, Free ©) ) D**
ventricular
ALA STD 10uM Ambient None D* Dx* NC
(4-8) (4-8)
EPA STD 5uM Ambient None Dt
(6) 6
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Table 3-29. Effects of Omega-3 Fatty Acids on lon Currents in Isolated Organ and Cell Culture Studies

Author Model i
Year [Animal, | Exposure | Comparison Groups | Amount of Experi agent | 1 | I | | |
Type Duration | Omega3 Omega-3 P g Na © cal K K KR
I e]' Fatty Acid Control mental
g (n) () Condition
EPA STD 10um Ambient None D** Dx* NC
(4-8) (4-8)
DHA STD 10uM Ambient None D*
(7-12) (7-12)
DHA STD 0.2-50uM Ambient None D*dd
(6) (6)
DHA STD 5uM Ambient None D* NC
(6-12) (12)
DHA STD 10uM Ambient None D+ D* NC
(5-8) (5-8)
DHA STD 10um Ambient Sta D*
(DSIZIA (SS'I)'D 20uM Ambi N
U mbient one -
(2-6) (2-6) D NC
DHA STD 50uM Ambient None D
(11) (11)

INA= sodium current; IT O= transient K+ outward current or initial outward current; ICA.L= voltage dependent L-type calcium current/inward calcium current/cal cium sparks;

IK=delayed rectifier K+ current; IKI= inward recitifer K+ current or tail current; IKUR= ultrarapid K+ current; D = decrease; | = increase; NC = no change; ND= no data;
*kk —
=p<0.001

* =p<0.05 ** =p<0.01;

A =amplitude

Ac =activation parameter
ALA =aphalinoleic acid
BAY =Bay K8644

D = decrease

dd =dose dependent

DHA =decosahexaenoic acid
Dnd -

EPA =eicosapentagnoic acid
F =frequency

| =increased

IAC =

InAc =inactivation parameter

Ind -

INDO =indomethacin

1SO =isoproteronol
IVC=
NC =no change

ND =no data

NIT =nitrendipine
Sta =standard

STD = standard chow
tdv =

uM =micromoles
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Table 3-30.

Effects of Omega-3 Fatty Acids on lon Channels in Isolated Organ and Cell Culture Studies

Omega- Nitrendipine Binding
Author, Mo_del Exposurg 3 Con- Amount Experi- Cloned Kv1.5 K+ To Putative
[Animal, Duration: of . o
Year Fatty trol mental Agent | Na*Channel channels Dihydropyridine
Age, Free or : Omega- o o
Acid (n) Condition Sensitive Ca2+
Type] Bound 3
(n) Channels
MOUSE
Honore, Mouse, ND DHA STD 30uM Ambient None B* activity
1994 neonatal, Free (5-11) (5-11)
ventricular AA [ STD | ND Ambient None NC aciviy
(ND) (ND)
RAT
Hallag, 1992 | Rat, 4d EPA STD 5uM Ambient NIT D* High Affinity Ky
neonatal, Bound (5-10) (5-10) D** High Affinity Bnax
ventricular D** Low Affinity Ky
D* Low Affinity Bnax
DHA STD 5uM Ambient NIT D** High Affinity Ky
(5-10) (5-10) D* High Affinity B
D** Low Affinity Ky
D* Low Affinity Brax
Kang, 1997 Rat, 2-3d EPA STD 20uM Ambient None NC in number
neonatal Bound 4 (4)
cardiac
EPA STD 20uM Ambient MEX D* in number
@) 4) B* increase in
expression
B= Block; STD=Control; D=decrease; d=days; I= Increase; NC=No change; ND=No data; NIT= Nitre ndipine;
MEX= Mexiletine; D = decrease; | =increase; NC = no change; ND=no data; * = p<0.05 ** =p<0.01; *** =p<0.001

B =blocked

Bmax =binding capacity

D = decrease

DHA =decosahexaenoic acid
EPA =eicosapantaenoic acid
Kd =affinity

NC =no change

ND =nodata

NIT =nitrendipine

MEX =mexiletine
uM =micromoles
STD =standard




LET

Table 3-31. Comparison of IC50 or EC50 Values in Isolated Organ and Cell Culture Studies

Author, MAO(.jeI | £ Omega- | Con- | Experi-
year ,[A nimal, Dﬁ?gﬁg;e 3 Fatty trol mental Agent INa lo I I s
ge, Acid (n) | (n) | Condition cal K
Type]
Leifert, Rat, 4 mins DHA STD Ambient None 6.0+12uM
1999 adult, Free EPA STD | Ambient None 162 + 1.3 uM
ventricular ALA STD Ambient None 266 + 1.3 pM
Macleod, Rat, 5 mins DHA STD Ambient None 128+ 0.8 pM 2607 uM 27.9+£25uM 63+£83uM
1998 adult, Free EPA STD | Ambient None 79+06 M 19+03pM 94+08uM 5150 uM
ventricular
Guinea pig, 5 mins DHA STD Ambient None 157+ 0.9 pM 347+ 26 pM 85+11uM
adult, Free EPA STD Ambient None 89+05uM 8.6+ 1.5uM 6.7+22uM
ventricular
Xiao, Rat, ND EPA STD Ambient None 2.1uM
1997 adult, Free
ventricular
Rat, ND EPA STD Ambient None 08uM
neonatal, Free
ventricular
Xiao, Ferretadult, | 3min DHA STD Ambient None 75uM 20 M
2002 ventricular Free
D = decrease; | =increase; NC = no change; ND=no datg; * = p<0.05 ** =p<0.01; *** =p<0.001

DHA = decosahexaenoic acid

EPA = eicosapantaenoic acid
ND = no data

STD = standard chow

TS =twitch size

uM =micromoles




